Supplementary Text

Molecular Characterization
: Molecular weight, dispersity, and PMMA weight and volume fractions for the labeled homopolymers and copolymers employed in this work. The volume fractions (at 438 K) were calculated assuming that the blocks have specific volumes identical to those of the corresponding homopolymer. The values of the homopolymer densities are 1.13 g/mL and 0.97 g/mL at 438 K for PMMA and PBMA respectively 44 . Figure S1: GPC traces of two series of labeled lamella-forming PBMA-PMMA diblock copolymers, where the pyrene-bearing monomer was incorporated into a) the PBMA block, or b) the PMMA block. c) GPC traces of a series of labeled PBMA-PMMA diblock copolymers which form homogeneous melts, where the pyrene-bearing monomer was randomly distributed along the PMMA block. d)
GPC traces of a series of labeled lamella-forming PBMA-PMMA diblock copolymers, where the pyrene-bearing monomer was incorporated into the PMMA block. 
Randomness of Pyrene Incorporation
To investigate the randomness of incorporation of the pyrene-bearing monomers within a labeled segment, a statistical copolymerization of methyl methacrylate and 1-pyrenylbutyl methacrylate (0.8 mol% of monomer charge) was run under the same conditions used for polymerization. Two identical reactions were run in parallel, one terminated at 45 sec (partial monomer conversion) and one terminated at 10 min (full conversion). The ratio of the integrated UV and DRI signals, UV/DRI (proportional to the absorbance per unit polymer mass) serves as a proxy for the relative incorporation of pyrene at low conversion vs. complete conversion, and is normalized to unity at complete conversion (10 min reaction). For the 45 sec reaction, with a conversion of 24/69 = 0.35, the UV/DRI ratio was measured as 0.992, indicating no significant drift of pyrene content over time. Note that this experiment was carried out by instantaneously charging the reactor with all of the monomer mixture; however, for all the polymers synthesized to characterize T g in this work, the monomer mixture was added dropwise over a period of 1 -2 minutes, further minimizing the already insignificant composition gradient within the labeled section. (Fig. 3 and S11) were summed together, with adjustable weights, in order to accurately represent the segment density profiles calculated for the U-labeled diblocks.
These same weights were then applied to the T g values to estimate T g for each U-labeled diblock, which could be compared with experiment. The segment density distributions are shown in Fig. S9 ; for the χN = 44.1 diblock, the sum represented the U-labeled profile to within 3% at any value of x, while for the χN = 21.4 diblock, the agreement was within 0.9%. The weights are given in Table   S3 . For the χN = 44.1 diblock, the T g value obtained by summation was 359 K, 
